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Abstract. The objective of this research was to investigate how the texture of pears 
(Pyrus communis L) is affected during heat treatment. The following parameters were 
varied: temperature t = 70÷100 °C and time, τ = 5÷20 minutes. During heat treatment pears 
were immersed in a sugar syrup (two variants of sucrose source were used – granulated 
sugar and brown sugar). Were analyzed several physico-mechanical properties (moisture, 
fruit dimensions, aspect ratio, geometric mean diameter, sphericity, surface area, fruit mass, 
fruit volume, fruit density, bulk density, density ratio, porosity). The structure of heat treated 
pears was examined by fluorescence and phase contrast combination microscopy and texture 
was measured with a penetrometer type Fruit Texture Analysis (FTA). The average fruit 
mass ranged from 115.55 to 136.5 g. The bulk density, porosity and fruit hardness 
determined as 365.84 - 543.12 kg/m3; 78.81 – 95.28 % and 9.87 - 13.74 N/mm between 
samples. A better firmness and a higher temperature in the center of the sample were 
observed for brown sugar syrup treated pears.  
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INTRODUCTION 
 
The quality of processed fruit products depends on their quality at the start 
of processing; therefore, it is essential to understand how maturity at harvest, 
harvesting methods, and post harvest handling procedures influence the quality and 
its maintenance in fresh fruits between harvest and process initiation. It is well 
known that a diet rich in fruits and vegetables helps protect against chronic illnesses 
like cardiovascular disease and cancer, diseases associated with many factors. Pears 
provide a variety of the nutrients necessary to lead a healthy lifestyle. Pears are an 
excellent source of fiber, providing about 24% of your daily needs. Fiber is an 
important preventive agent against many chronic diseases, and it plays a beneficial 
role in glucose metabolism and diabetes management. Pears are sodium-free, 
cholesterol-free, fat-free, and contain 190 mg of potassium, all important players in 
cardiovascular disease prevention, according to the American Heart Association.  
Pears are a good source of vitamin C, an important antioxidant necessary for 
bone and tissue health, and prevention of cardiovascular disease and various 
cancers. Pears are also a natural source of other antioxidants, which, according to the 
American Dietetic Association, are important in the prevention of cardiovascular 
disease, cancer and diabetes, may improve immune function, and lower risk for 
infection. As well, pears, like most fruit, are a fat-free, nutrient-dense food that can 
help fill you up and keep you satisfied (Bell et al., 1996; Anonymous, 2006; Ozturk 
et al., 2009). Information with regard to some physical, chemical and nutritional 
properties of pear are to be more important in both machinery and equipment design 
for harvesting and post-harvest technology such as transporting, sorting, cleaning, 
sizing, packaging, etc. and also in processing it into different food. For example, 
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fruit firmness and skin color is one of the important indicators for both quality and 
maturity of pears (Kawamura, 2000). The volume and density of pear fruits can also 
play an important role in numerous technological processes and in the evaluation of 
product quality. Fruit firmness is also often used for fruit quality assessment (Abbot 
and Buta, 2002). Texture analysis is primarily concerned with the evaluation of 
mechanical characteristics where a material is subjected to a controlled force from 
which a deformation curve of its response is generated (Bourne, 2002).  
Many studies have been reported on the physicomechanical and chemical 
properties of different fruit species, such as kiwifruit (Celik et al., 2007) orange 
(Topuz et al., 2004), sweet cherry (Vursavus et al., 2006). Therefore, the present 
research aimed to investigate the heat treatments on physicomechanical and textural 
properties of pear fruits. 
 
MATERIAL AND METHOD 
 
Material: Pears purchased from a supermarket were washed under running 
cold water, and then excess was removed from pears surface using paper towels and 
then peeled; Granulated sugar purchased from S.C.AGRANA ROMANIA S.A., 
Buzău; Brown sugar purchased from S.C. SANO VITA S.R.L., Râmnicu Vâlcea;  
Margarine Unirea purchased from S.C. ORKLA FOODS S.A. ROMANIA, 
Bucharest; Mineral water Izvorul Alb, acquired from S.C. DORNA APEMIN S.A., 
Bucharest. Methods: The following parameters were analyzed: internal temperature 
of product with an AMPROBE TPP1-C1 Pocket Thermometer Immersion Probe; 
product mass before and after heat treatment, using a digital balance PARTNER 
AS110/C/2, with an accuracy of ± 0.001 g; physico – mechanical properties of 
pears; firmness of product using a Fruit Texture Analyzer; the structure of heat 
treated pears was examined by fluorescence and phase contrast combination 
microscopy. The physico-mechanical properties of pears were determined by the 
following methods: Moisture content (%) of the samples was determined according 
to the methods of AOAC (1984). Linear dimensions of fruits as length (L) and width 
(W) were measured by using a digital caliper gauge with a sensitivity of 0.01 mm. 
The aspect ratio (Ra) of fruit was calculated by using the following equation 
(Omobuwajo et al., 1999): 
( )1%,100⋅=
L
WRa                                                                                                          
Geometric mean diameter (Dg) and sphericity (Φ) were calculated by using the 
following equations: 
( ) ( )23/12LWDg =     
   ( )3100⋅=Φ
L
Dg
 
The surface area (S) of the fruit was calculated from the relationship given 
by Baryeh (2001): 
( )42gDS pi=  
Fruit mass was measured by using a digital balance with a sensitivity of 
0.001 g. Fruit volume and fruit density were determined using the liquid 
displacement method. Toluene was used, rather than water, because water is 
absorbed by the fruits. A weighed quantity of fruit was immersed into the toluene; 
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the volume of toluene displaced was read from the graduated scale of the cylinder. 
Bulk density (ρb) was determined with a weight per hectoliter tester, which was 
calibrated in kgcm-3 (Deshpande et al., 1993). Density ratio was ratio of bulk density 
to fruit density expressed as percentage (Omobuwajo et al., 2000): 
( )5100⋅=
f
b
dR ρ
ρ
 
The porosity (ε) was calculated by the equation given below: 
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RESULTS AND DISCUSSION 
 
A summary of the result of some determined physico-mechanical 
parameters of pears are shown in the following tables. According to the results the 
fruit dimensions (length and width) were 74-78/51-52 mm for those who were 
treated in granulated sugar syrup and 76-80/54-60 for those who were treated in 
brown sugar syrup. On the other hand, average fruit mass was 120-127.52 g 
(granulated sugar syrup) and 131.8-134.5g (brown sugar syrup). The average value 
of the geometric mean diameter was 5.85-6.1 mm for granulated sugar syrup and 
6.16-6.49 mm for brown sugar syrup. Sphericity and aspect ratio of pear were 79.05-
78.2 and 74.28-69.23 % for granulated sugar syrup and 77-85.39 and 67.5-78.95 % 
for brown sugar syrup. Density ratio and porosity of pear treated at 70 °C with 
granulated sugar syrup and brown sugar syrup were between 9.88- 18.52 % and 
81.47-90.12%, (Table 1). 
Table 1 
Physico-mechanical properties of pears treated 5/20 minutes at 70 °C 
Granulated sugar syrup Brown sugar syrup Properties 5 20 5 20 
Fruit length, mm 74 78 80 76 
Fruit width, mm 52 51 54 60 
Aspect ratio, % 74.28 69.23 67.5 78.95 
Geometric mean diameter, mm 5.85 6.1 6.16 6.49 
Sphericity 79.05 78.2 77 85.39 
Surface area, cm2 107.46 116.84 119.15 132.26 
Fruit mass, g 120 127.52 134.5 131.8 
Density ratio, % 18.52 9.88 12.77 12.19 
Porosity, % 81.47 90.12 87.22 87.81 
 
In Table 2 we can see a summary of the result of some determined physico-
mechanical parameters of pears treated 5/20 minutes at 100 °C. The fruit dimensions 
(length and width) were 74-63751-5.8 mm for those who were treated in granulated 
sugar syrup and 73-78/60-62mm for those who were treated in brown sugar syrup. 
On the other hand, average fruit mass was 115.55-118.10 g (granulated sugar syrup) 
and 131.49-136.5 g (brown sugar syrup). The average value of the geometric mean 
diameter was calculated as 5.77-5.96 mm for granulated sugar syrup and 6.55 mm 
for brown sugar syrup. Sphericity and aspect ratio of pear were 77.97-94.6 and 
68.92-92.06 % for granulated sugar syrup and 89.72-83.97 and 84.93-76.92 % for 
brown sugar syrup. 
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Table 2  
Physico-mechanical properties of pears treated 5/20 minutes at 100 °C 
Granulated sugar syrup Brown sugar syrup Properties 5 20 5 20 
Fruit length, mm 74 63 73 78 
Fruit width, mm 51 58 62 60 
Aspect ratio, % 68.92 92.06 84.93 76.92 
Geometric mean diameter, mm 5.77 5.96 6.55 6.55 
Sphericity 77.97 94.6 89.72 83.97 
Surface area, cm2 104.54 111.54 134.71 134.71 
Fruit mass, g 115.55 118.10 131.49 136.5 
Density ratio, % 12.36 7.1 21.19 4.72 
Porosity, % 87.63 92.89 78.81 95.28 
 
Density ratio and porosity of pear treated with granulated sugar syrup and 
brown sugar syrup were between 4.72-21.19 % and 78.81-95.28 %, respectively. 
Some fruits can be prepared by immersing them for some time in a strong sugar 
solution. In fact this is not just a preparation, but already the start of the drying 
process because the sugar extracts water from the fruit. The fruit also adsorbs part of 
the sugar and is therefore allowed to retain more water at the end of drying process, 
which makes the product softer than if it were dried only in the air. Cell wall 
degradation is the main factor involved in fruit softening and texture changes. It is 
increasingly apparent that softening and textural changes are brought about by the 
actions of a multitude of cell wall-localized enzymes acting on specific, potentially 
highly localized substrates. Cell wall enzymes are major contributors to cell wall 
disassembly, reducing intercellular connections and cell dispersion and playing 
various roles at different stages during fruit development.  
Fruit softening has been correlated with solubilization and depolimerization 
of cell wall constituents and the importance of different enzymes in fruit softening 
has been extensively reviewed. It is known that heat treatments could deeply modify 
the activity of cell wall degrading enzymes and consequently affect the modification 
of cell wall components. The reduction of polygalacturonase and α and β-
galactosidase activity by heat treatments has been reported. Structure of heat-treated 
pears with granulated sugar syrup is shown in Figure 1. The product treated at 
100°C for 5 minutes had a similar structure as gels; the main component involved in 
gel formation being pectin.  
 
                                 a)   5´/100 °C                                    b)   20´/100 ° C 
Fig. 1. Structure of heat-treated pears with syrup made from granulated sugar 
Structural changes occurred for heat-treated product for 20 minutes at 
100ºC, manifested by a tissue softening of pears caused by transformation more or 
less advanced in soluble compounds of insoluble pectic substances. Figure 2 show 
the structure of heat treated pears with brown sugar syrup. The product heat-treated 
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for 20 minutes at 100ºC shown a more homogeneous structure compared with the 
sample treated at the same temperature but only 5 minutes.  
 
                                                     a)   5´/100 °C                                   b)   20´/100 ° C 
Fig. 2. Structure of heat-treated pears with syrup made from brown sugar 
 
 
                             a)   5´/100 °C                                                        b)   20´/100 ° C 
Fig. 3. Firmness variation of pears treated with granulated sugar syrup 
 
 
                                a)   5´/100 °C                                                   b)   20´/100 ° C  
Fig. 4. Firmness variation of pears treated with brown sugar syrup 
 
The heating effect leads to enzyme destruction as well as damage to the 
cytoplasmic and other membranes, which become permeable to water and solutes. 
An immediate effect is the loss of turgor pressure. Water and solutes may pass into 
and out of the cells, a major consequence being nutrient loss from the tissue. Also 
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cell constituents, who had previously been compartmentalized in subcellular 
organelles, become free to move and interact within the cell. The texture analyses 
were done at room temperature. There were followed the mastication parameters 
especially involved in texture characterization. For the force compression and the 
depth penetration the equipment has generated some graphics. In Figure 3 and 
Figure 4 it can be seemed that for the pears treated 20 minutes at 100 °C the texture 
firmness is bigger than the pears treated 5 minutes at 100°C, so the sample treated at 
the highest temperature for long time is more elastic, is more slowly to masticate 
and to swallow than the thermic sample treated at the same temperature for short 
time. 
CONCLUSIONS 
 
The highest of length, geometric mean diameter and mass were obtained for 
pears treated with brown sugar syrup. Syrup type, temperature and duration of heat 
treatment have a high effect on water content removal from the products obtained. 
Water content removal rate was greater as the syrup concentration and temperature 
were higher. Therefore, heat treatment for 20 minutes, at 100ºC using brown sugar 
syrup led to obtaining products with a more homogenous structure than for treated 
products in the same conditions, but using the granulated sugar syrup. 
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